
March 24, 1999 

Commander 
Atlantic Division 
Naval Facilities Engineering Command 
15 10 Gilbert Street (Building N-26) 
Norfolk, Virginia 235 1 l-2699 

Attn: Mr. Robert Schirmer, P.E. 
Code 18222 

Baker Environmental, Inc. 

Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis. Pennsylvania 15108 

(412) 269-6000 
FAX (412) 269-2002 

Re: Contract N62470-89-D-48 14 
Navy CLEAN, District III 
Contract Task Order (CTO) 0388 
Draft Field Investigation Report - Site 1 and Area of Concern 2 
Fleet and Industrial Supply Center 
Cheatham Annex, Williamsburg, Virginia 

Dear Mr. Schirmer: 

Baker Environmental, Inc. (Baker) is pleased to submit two copies of the Field Investigation Report for Site I- 
Landfill near Incinerator and Area of Concern (AOC) 2 - Dextrose Dump at the Fleet and Industrial Supply 
Center (FISC), Cheatham Annex, Williamsburg, Virginia 

The enclosed document sumn&izes the findings of the Field Investigation which was performed in October 
1998 and also presents recommendations for the future management of Site 1 and AOC 2. On October 15, 
1999, Baker visited Site 1 to view the clearing activities that are being completed as an interim measure to 
curtail erosion of the bank of the York River adjacent to the Landfill. During this site visit Baker observed that 
along the upstream edge of the landfill, a thin layer of debris outcrops just below the ground surface indicating 
that the landfill extends to the bank of the York River for a distance of approximately 25-feet along the river. 
The bank varies in height from approximately 2 to 10 feet in this area and it is being actively eroded with 
apparent landfill debris (sparsely) present on the beach in this area. A rusted 5-gallon pail which contains an 
unidentified yellow substance outcrops from the bank in this area. 

,.._ 

In Section 6.0 ofthe enclosed Field Investigation Report, Baker recommends that immediate measures be taken 
to prevent the ongoing erosion of the bank in the vicinity of the debris outcropping. Potential measures to 
consider include installation of rip rap, gabions, or dredge-filled gecsynthetic tubes to protect from further 
erosion. In addition Baker recommends collecting, characterizing, and disposing of the small amount of debris 
which is present on the intertidal beach. Baker also recommends that a routine inspection program be instituted 
to verify that the interim measures are effective, to measure top of slope encroachment rates and monitor the 
overall stability of the bank along the landfill. 

The 5-gallon container which contains the unknown yellow substance should be removed from the bank, 
characterized, and disposed properly. These actions will eliminate the possibility of the unknown substance 
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migrating into the York River or adjacent wetland. Characterization of this material will provide information 
regarding the types of substances disposed in the landfill. 

Baker has included the following as attachments to this letter to support the recommendations: 

. Photographs of Site 1 showing the actively eroding area, debris on the beach area!, and the 
debris pile adjacent to the marsh associated with the unnamed tributary to the York River 

. Excerpts from the US Army Corps of Engineers Part 330 Nationwide Permit Program 
relevant to emergency shoreline improvements 

. Technical information pertaining to filled geosynthetic tubes 

The Field Investigation concluded that soil, sediment, and possibly surface water in the vicinity of the landfill 
have been adversely impacted by previous waste management activities as indicated by elevated levels of 
polynuclear aromatic hydrocarbons (PAHs), heavy metals, and to lesser extent polychlorinated bsiphenyls 
(PCBs) and pesticides. The enclosed report provides recommendations for selecting the appropriate actions for 
the long-term management of Site 1, 

With respect to AOC 2, no apparent site related contamination was detected; however, the geophysical 
anomalies detected during the investigation are potential indicators of buried metallic objects (such as drums) 
or other debris. These areas should be further investigated. A limited test pit investigation is recommended 
in the enclosed report. 

In order to maintain the project schedule and meet the proposed date for the Draft Final submission, review 
comments are requested by April 23, 1999. Baker appreciates the opportunity to provide continued service 
to LANTDIV and looks forward to continuing these very important project activities at CAX. If you have any 
comments regarding the enclosed report or the attached documents, please contact me at (412) 269-4687. 

Sincerely, 

BARER ENVIRONMENTAL. INC. 

Martin G. Taube, P.G. 
Project Manager 

MGTllp 

CC: Ms. Ollie Glodis. Code 02116 (letter only) 
Ms. Carolyn Neill, Code 09E (two copies) 
Mr. Dennis B&in, Code BXO (letter and attachments only) 



Site-l Photoglraphs 

. 



Photograph I- (Site 1) View of portion of bank where apparent landfill contents outcrop just 

below ground surface. Standing on top of banking, looking north. (Debris is not visible in 
photo). 

Photograph 2 - (Site 1) Close up of debris on beach during low tide. Among shell material, 
apparent incinerated materials and landfill debris (ash, metal, glass, etc) is visible. Standing 
on beach, looking down. 



Photograph 3 - (Site 1) Eroding bank of York River along down stream edge of landfill. 
Landfill is separated from top of bank by approximately 10 to 20 feet in this area. 
on beach, looking southwest. 

Standing 

Photograph 4 - (Site 1) View of large debris pile which is adjacent to the marsh area 
associated with the unnamed tributary to the York River. Standing at toe of pile, looking 
west. 



U.S. Army Corps of Engineers 
330 Nationwide Permit Program Excerpts 

(Refer to Part 13 - Bank Stabilization and Part 19 - Minor Dredging for 
Allowable Practices) 

.Y.. 
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Regulatory Program of the 

US .Army Corps of Engineers 

Part 330 - Nationwide Permit Program 

Final Notice of Issuance, Reissuance, and Modification of Nationwide Permits 
13‘December, 1996 

Nationwide Permits and Conditions 

A. Index of the Nationwide Permits and Conditions 

Nationwide Permits 

1. Aids to Navigation 
2. Structures in Artificial Canals 
3.&iaint#Xlan~ 
4. Fish and Wildlife Harvest&, Enhancement, and Attraction Devices and Activities 
5. Scientific Measurement De&es 
6. Survey Activities 
7. OutfaZl Struchmes 
8. Oil and Gas Structures 

, ‘*-y. 9. Structures in Fleeting and Anchorage Areas 
IO. Mooring Buoys 
1 I _ Temporary RecreationnI Structures 
12. Utility Line Discharges 

$g 13. Bank Stabilization 
14. Road Crossings 
15. U.S. Coast Guard Approved Bridges 
16. Return Water from Upland Contained Disposal Areas 
17. Hydropower Projects 
18, Minor Discharges 

4 19. Minor Dredging 
20.. oil Spill cleanup 
21. Surface Coal Mining Activities 
22. Removal of Vessels 
23. Approved Cate&orical Exclusions 
24. State Administered Section 404 Programs 
25. Structud Discharges 
26. Headwaters and Isolated Waters Discharges 
27. Wetland and Riparian Restoration and Creation Activities 
28. Modifications of Existing Marinas 

.29. Single-Family Housing 
30. Moist Soil Management for Wildlife 
3 1. Maintenance of Existing Flood ControI Projecrs 
32. CompIeted Enforcement Actions 
33. Temporary Construction, Access and Dewatering 
34. Cranberry Production Activities 

,___ 35. Mainkmance Dredging of Existing Basins 
36. Boat Ramps 
37. Emergency Watershed Protection and Rehabilitation 

8l7l97 I;06 PM 



. upon completion of the utility line. (See 33 CFR part 322). 
Notification: The permittee must noti@ the district engineer in accordance with the “Notification” 

’ **;‘-“~ general condition, if any of the fallowing criteria are met: 
(a) Mechanized landclearing in a forrested wetland; 
(b) A Section 10 permit is required for the utility line; 
(c) The utility line in waters of the United States exceeds 500 feet; or, 
(d) ‘Ihe utility line is placed within a jurisdictional area (i.e., a water of the United States), arod it runs 

parallel to a streambed that is within that jurisdictional area. (Sections 10 and 404) 

ti 13. Bank Stabilization. Bank stabilization activities necessary for erosion prevention provided the 
activity meets all of the following criteria: 

a. No material is placed in excess of the minimum needed for erosion protection; 
b. The bank stabilization activity is less than 500 feet in length; 
c. The activity will not exceed an average of one cubic yard per running foot placed along the bank 

below the plane of the ordinary high water mftrk or the high tide line; 
d. No material is placed in any special aquatic site, including wetlands; 
e. No material is of the type, or is placed in any location, or in any manner, so as to impair surface 

water flow into.or out of any wetland ar’e8; 
f. No material is placed in a manner that will be eroded by nor& or expected high flows (properly 

anchored trees and treetops may be used in low energy areas); and, 
g. The activity is part of a single and complete project. 
Bank stabilization activities in excess of 500 f@t irriength or greater than an average of one cubic 

yard per running foot may be authorized if the rmittee notifies the District Engineer in accordance 
with the “Notification” general condition and tr e District~Engineer determines the activity complies with 
the other terms and conditions of the NWP and the adverse environmental effects are minimal both 
individually and cumulatively. This NWP may not be used for the channeltition of a water of the 
Unitied States. (Sections 10 and 404) 

““““‘4. Road Crossings. Fills for roads crossing waters of the United States (including wetlands and other 
peciai aquatic sites) provided the activity meets all of the following criteria: 

a. Ihe width of the fill is limited to the minimum necessary for the actual crossing; 
b. The fir1 placed in waters of the United Stat= is limited to a filled area of no more than l/3 acre. 

Furthermore, no more than a total of 200 linear feet ofthe fill for the roadway can occur in special 
aquatic sites, including wetlands; 

c. The crossing is culverted, bridged or otherwise designed to prevent the restriction of, and to 
withstand, ex ected high flows and tidal flows, and to prevent the restriction of low flows ancl the 
movement 0 P aquatic organisms; 

d. The crossing, including ail attendant features, both temporary and permanent, is part of a single and 
complete 

e. For & 
reject for crossing of a water of .the United S&es; and, 
1s .in special 89uaf’ic sites, including wetlands, the permittee notifies the District. Engineer in 

accordance with the “Not&&ion” general condition. The notification must also include a deline!ation of 
affected special aquatic sites, including wetIands. 

This NWP may not be combined with Nwp 18 or NWP 26 for the purpose of increasing the f;ootprinr 
of the road crossing. Some road fills may be eligible for an exemption from the need for a Secthn 404 
permit altogether (see 33 CFR 323.4). Also, where local circumstances indicate the need, District 
Engineers will define the term “expected high flows” for the purpose of establishing applicabilityofthis 
N WP. (Sections IO and 404) 

15, U.S. Coast Guard Approved Bridges. Discharges of dredged or till material incidental to the 
construction of bridges across navigable waters of the United States, in&ding coffer$ams, abutments, 
foundation seals, piers, and temporq construction and access fills provided such discharges have been 
authorized by the U.S. Coast Guard as part of the bridge permit. Causeways and approach fills iire not 
included in this NWP and will require an individual or regional Section 404 permit. (Section 404) 

---16. Return Water From Upland Contained Disposal Aress. Return water ftom,an uphmd, coruained 
dredged material disposaLarea. The dredging -itself may requima s&ion 404 permit (33 CFR 323,2(d)), 
out will require a Section IO permit if located in navigable w&ers of the United States. The return water 

If 10 S/7/97 I:04 PM 
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.egulations~Federal~CFR 33 Pan 330--Nativwide Permits http:~lwww.wetlantis.com/coc/nwp2lst.hc 

from a contained disposal area is administratively defined as a discharge of dredged material by 33 CFR 
323.2(d) even though the disposal itself ocxurs on the upland and thus does not require a Section 404 
-it. This NWP satisfies the technical requirement for a Section 404 permit ,for the return waler where 
the quality of the return water is controlled by the state through the Seceion 40 1 certification procedures. 
(Section 404) 

17. Hydropower Projects: Discharges of dredged or fill material associated with (a) small hydropower 
projects at existing reservoirs where the project, which includes the fill, are licensed by the Federal 
Energy Regulstory Commission (FERC) under the Federal Power Act of 1920, as amended, a;nd has a 
total generating capacity of not more than 5000 KW; and the permittee notifies the District Engineer in 
accordance with the ‘Notification” general, con@ition; or (b) hydropower projects for which the FERC 
has.granted an exemption from licensingpumuant to section 408 of the Energy Security Act of 1980 (16. 
U.S.C. 2705 and 2708) and section 30 of the Federal Power A& as amended; provided the permittee 
notifies the District Engineer in accordance with the “Notification” general condition. (Section 404) 

18. Minor Discharges: Minor dischar es of dredged or fill material into all waters of the United States 
provided that the activity meets all of e following criteria: a 

a. The quantity of discharged materizuand the volume of-excavated area does not exceed 25 cubic 
yards beiowthti plane of the urdinary high water mark or the high tide line; 

b. The discharge, including any excavated area, will not cause the loss of more than 1 /IO acre of a 
special aquatic site, including wetlands. For the purposes of this NW, the acreage limitation includes 
the filled area and excavated area plus special aquatic sites that are adversely &ected by floodiing and 
special aquatic sites that are drained so that they would no longer be a water of the United States as a 
result of the project; 

c. If the discharge, including any excavated area, exceeds 10 cubic yards below the plane of the 
ordinary high water mark or the high tide line or if the discharge is in a special aquatic site, inclluding 
wetlands, the permittee notifies the District Engineer in accordance with the “Notification” general 
condition. For discharges in special aquatic sites, including wetlands, the notification must also include a 

’ +~’ delineation of afYected special aquatic sites, including wetlands (Also see 33 CFR 330. I(e)); and 
d. The discharge, including all attendant feattnes, both temporary and vent, is part of a single 

and complete project and is not placed for the purpose of a stream diversion. 
e. This NWP can not be used m conjunction with NWP 26 for any single and complete project. 

(Sections 10 and 404) 

B#C 19. Minor Dredging: Dredging of no more than 25 cubic yards below the plane of the ordinary high 
water mark or the mean high water mtik from navigable waters of the United States (i.e., section 10 
waters) as part of a single and complete project. This NWP does not author& the dredging or 
degradation through silta@on of coral reef&~ sites that support submerged aquatic vegetation (including 
sites where submerged aquatic vegetation IS documented to exist, but may not be present in a given 
year), anadromous fish spawning areas, or wetlands, or the connection of canals or other ‘&tificial 
waterways to navigable waters of the Unit&d States (see 33 CFR 322-Q)). (Sections 10 and 404) 

20. Oil Spill Cleanup: Activities required for the containment and clizanup of oil and hazardous 
substances which are subject to the National Oil and Hazardous Substances Pollution.~ontingency PIan 
(40 CFR part 300) provided that the work is done in accordance with the Spill Control and 
Countermeasure Plan required by 40 CFR part 112.3 and any existing State contingency plan ‘and 
provided that the Regional Response Team (if one exists in the area) concurs with the proposed 
containment and cleanup action. (Sections IO and 404) 

21. Sudacc Coal Mining Activities: Activities ass&iated with surface coal mining a&vities prcjvided 
they are authorized by the Department of the Interior, Office of Surface Minini (OSM), or by states with 
approved programs under Title V of the Suhce Mining Control and Reclamation Act of 1977 and 
provided the permittee notifies the District Engineer in accordance with the “Notification” general 
condition. The notification must include an OSM or state approved mitigation plan. The Corps, at the 

-discretion of the District Engineer, may require a bond IO ensure success of the mitigation, if no other 
ederal or state agency has required enc. For discharges in special aquatic sites, including wetlands, the 

.Lotification must also include a delineation of affected special aquatic sites, including wetlands. (Also 

f10 S/7/97 1:04’PM 
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DREDGED MATERIAL-FILLED GEOiEXTlLE TUBES: ‘, 
DESIGN AND CONSTRUCTlON 

, 
C. Joel Sprague. P.E 

. 

Sprague L Sprague Consulting Engineen 
PO80K9192 

GreonviI, SC 298oJ 

Hoechst Celanese Corporation. Spunbond Business Group 
PO @ox 5659 

$partanburg, SC 29304 

.x *,,. 

AnthonyS. 8radky I- . . 

Biadby Industrial Textiles Inc.. 
po00x254 

Valpamiso. FL 32580 

ABSTRACT 

Long. sometimes continuaus, dfWged mterfrrl-filled geotsxtile tubes have been 
used in recent years In wetlands and i&and faclamation projects as well as for gmin 
consmctbn for beach fenourlshmeirt. In al! cases the dredged matedal4illed tutis wem a 
modorate to bw cost, enviTonrtlcKlfil)y ffiendly altemativo ta hdltbml mateffala and gamldod 
a %meftial use’ of dredged matefiat. 



overview 

Design and construction of gcotextilo tubed hy- 
dtauilcally f&d with a varkty d dredged rnatef@llyQes 
has @tinad poPUf&ty in the JXSt bW yeuS bOCWS0 Of 
the simplicity of construction of the tubes, their cost 
efibctivane6s and ttbeir minimum impact on the 4nvi- . 
ronment. 

Beneficial uses of fine-grained dredged malerial 
have been limited because of its hiih water content. 
low strength, low angle of repose, and lack of control 
as to where these m&trials migrate. Containment of 
dredged material in geotextile tubes offers a new, 
signifkxmt opportunity for the benofiiial use of this 
fine-grainad dredged material. 

Dredged Mttturial filled Geotrxtlle Tubas 

Spten ik?failS A dredged material fi!led gaotextile 
tube is a tubular shaped dredged material Illled unit 
The envelope of Ihe dredged material filled gea 

i -S-v* rextile tube is prefabricated using a soil tight geotextile. 
A tube with the desired diameter is made out of Han- 
dard mifl widths ot geotexlile seamed together. The 
length of the tube is only limited by practical weight 
limitationsz The tube can be delivered to the site rolled 
up on a pipe, accordion folded, or ~altemately pack- 
aged. 

InieWoutlets are regularly spaced along Ihe length 
of the tube at intervals appropriate to the settling 
characteristio of the dredged fill. The inlelloutler 
%oM diameter is somewhat larger .than Ihe fiingI 
discharge pipe. 

Dredged material filled geolextifa tubes are ax+ 
strutted by hydtauk filling of the envelope with a 
water-soil mixture using a suction dredge delivery line. 
The dredged material filled geotetiiie tubas can be 
pre-filled and placed using a ‘cradle’ buckat on a 

The dredfjed material liiled geotenile tuba is by 
ChOiCe Of yams and fabric construction made in 8uch 
a way, that: 
. sufficient permeability to drain dlredged liquids is 

achievad. 
l me dredged fill i6 rqainad, 
. the tube twois& the pre~sumr ION Wing without 

rupture, and 
. the tube is resistant to erosive forces when filled. 

These dredged material-filled geotenilc tubes wilt 
achieve -8 profile, when properly filled wilh a steady 
supply of dredge material under adequato pressure. of 
up t0 70%-80’S ol the tl?eoretical cirzulat diameter. 
though 5o%-80% is more emmonty achimed. Figure 
1 pmvidos a schematic 01 a single tuba being filled. 

Hisrorical &ekgmund. Dredged r&terial filled 
geolextila tubes two beem used as containment dikes 
in Bmzii and Fmncu as de&z&d by &go&an. et al. 
(1982) and Perrier (1986), and more recentfy in the 
Netherlands. and Germany for both river Iraining’ 
structures on Ihe river Waal, as rtipiorted. by ACZ 
Marine (-JlQQO)]. and as shorclino protection at 
Leybucht on the Notlh Sea, aocordinlg to a tJiilon 
B.V. in-house report r(lQS0c)). I. I . 

Experimentation with dredged material filled 
gcotextile tubes was first tried in Brazil in the early 
198% as a way to construct continuously filled contain- 
ment dikes for the recfamatlon of land liar housing. In 
f rance the l&hniquc was used IO isola:Le and contain 
runoff kOm a contaminated area. 

In 1969 in rhe Netherlands. AC2 Marine Contrac- 
.tors eV developed the dredged material fined gee- 
toxtib tub8 solutii for constructing undaiwater bottom 
groins lor river training. The groins were built up by 
.p&tiing ,and stacking pre-filled tubes using a 
cradle-shaped bucket, on a barge ‘mounted crane. 
Eleven groins were consr&tsd using more ihan 500 
lubes. . 



-““%sot filling of geotextile tubas in .phca u&i@ II 
! I dredp delivery tfna was done with greet 

,ss in the prom Leybucht on the North Sm in 
dny in 1888. The continuous tube has prWided 

&dinrnem of the fill placed to tha inside ati protee- 
lion against cunenis and waves Irom th0 out&de. 

More recently, as reported by FowIar and Spngue 
(1993, W95); Gatbsrino, et al. (1994): 6111, et at. 
(t995): Harris (1994): Jorde a@ Hamrnis (1995); 
Win and Patin (1993); Imdin, et al. (1994); 8pmguo 
(I 993); and Sprague and Fouler (1994). dred&illed 
geo!e*rile tubes liave been introduced in the United 
States in the following projects: 

tocation Appliia lion owner 

Florida Coest Shoreline PubIk and 
-0estin Harbor Protectior\ Private 
-Amelia Island Gtiinsand 
-Multiple Beaches Revetments 

Mobile. Alabama 

,.” r( aI_ 

Dredge 
ollposal 
Containment 

corps of 
Engineers 

ston. Texas 
QaY 

-Aransus 
-Port O’Connor 
-Victoria Canal 

Shoreline Pro- chips of. 
tection Breek- Engineers 
water/Disposal 
Containment 

Baltitiore. Maryland Shoreline Pro- corps of 
-Eastern Neck t&ion Break- Engineers 
-Smith Island water/Disposal 
-Honga River Containment 
-Pokomoke River 
-Bodkin Island 

DESlGN CiONCEPTS FOR 
GEOmxnLE TUBES 

hW8dUCtbl 

Design concepts for farge dredged rnatmtal filled 
geotetiile tubes and cotitainen are not wmif docu- 
mentod. Geotextile property requirements are not weU 
,--Mrstood. Additionafly, few detaib have mn re- 

I on the opsmtion of dredging equipment and the 

sill01 a6Ed fWV8S:Ol 66-PZ-JEfl 

peffOffTb%nCO Of wNiou6 types of dredged m&eriel+. 
Still. installations to-date based on “reason& design 
-techn~~es have proven to be quite successful. There- 
fore, these techniques. as outiinsd in the foflciwing 
-ions. p&de a eMin9 point for dsveloplrg more 
thoroughfy researched design approaches. 

Goote%tIh!J 

The retention of fill and the Wuctufal integrity of a . 
dredged material filled geotextite tub is pro&led by 
the geotextile envelope. Functionally, fabrfC selmion ’ 
is based on &having .opening characteristics which 
match the fill panicle size ahd permeability and having 
suffiiient strength lo- resist filling pressures. A coimpos- 
ite fabric shell which incorporates both a nonwoven 
fabric (for filtration) and a woven fabric (for strength) is 
oft&n used. Figures 2 and 3 prevtde dynamic filtration 
end expe&nentalfy derived g~ometfical and tensile 
strength design guides. respectively. 

Dredged Makrlal Fill 

?he dredged rngler,ial filled @menile tubes can be 
fined wilh any material capable ot being trans~xxled 
hydraulically. Naturally occurring beach or ri~8r sand 
is the preferred choice of fill. HOWByef; clayey and silty 
dredged material has beeh used for cbntaintirnt dike 
epplicetions in remote settings ivhere long-tear con- 
.solldation is a minima! concern. An assessment slhould 
be made of the fill material’s settling characteristics to 
assist in the determination of appropriale inletroutlet 
spacing, Figure d shows how the inleVoullet spa&g is 
based on fill characteristics. 

The longitudinal section shown in Figure 4 shows 
that if the material is sandy with a steep settling angle, 
feeding shoukf be done successively through opening 
A, 8, C, and 0. Yet, if Ihe fill material is sin)i with a 
fi@ter settling angle, filling is done using onfy’A and 0. 
Figures 5 and 6 provide soil properties for, spacing 
evaluation based on particte sizes and settling r=tea. 
According lo Goldman, et aL(1986) particle settkment 
con be calcljlated using Equalion 1. Therefore. Eqria- 
tion 1 can be used along with the fiivres to detembe 
inlet/outlet spacing. 

L=oI(wxvs) - (1) 

where: 
L f inleVout\et bpacing, 
Q I: Wumetric flow of material. 
w =. width of flow, and 
vs - santing vekdty d sediments. 



Figure 2. Opening cturrrcter~8tlcr ba+ed on fit! sol1 properties. (After Luettlch, et al. 
(199211 

As shown In figure 3. the analysit of rho tube 
assumes a cross-soctjon which ire circular on the 
edges and Hdlnened on top. Some pmctitimym, such 
as Bo(pssiur. St 84. (1982) and Pe?7&(1986), assume 
the cross-sectional shaps of a filled dredged rnateIfsl 
fibd ge0kxtib tube is approximated by an eltipse with 
a flat top. In either case, field experience has. demon- 
strated that it is possibk, to fill UIO dmdguj mrturial 
mdfabMubesto70toeOpem2mtdthdr~ 
fneximum circular diameter though 6(wso pttrcmt is 

slofw using an elJ@tical model. 

Currant end Wavs Forem 

conditions, wham drag, lift, and in&a effects can 
rerduce the unit’s stability. 

I? order to fWse6s tha stability of the dredge 

382 
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Flquro 4. l~~l&kxtUet rpacing besad on wttJlng v~bdty. 

FlQUfO 5. SOme common deffnitlons of trolla, clasrrlfied by partkIm size. [After Carrot 
and Bcntly (1991)] 

result in geotechnkal instability of the Nucture. 
Therefore, provision must be made for a filter fab?ic 
Bpmn for wxw protection as shown in Figure 8. The 
BRer lab& apron is often furnished with a %emmmwn 
into tha perfrneMw of the apron. lhti hem is then filled 
with dradged material lo form a continuous aoil p&w 
which holds the edges of the apron in piace. The apron 
mosthave filtration characteristics which are appropri- 
ate for the fokdation sod and the soil which fills the 
horn (&ersnce figure 2) and sMuld oxlend in front 
andbahlndtheunitorstructurstoa8uWentdMaclca 
to prevsnt acow of the foundation, corn- 1-2 
titnea fhe filled unit or cornplats 8t~~~re width. 

Foundcrtlon 

Dopending on the tubsoil coMition3. the pOSWlity 
IS of Etming hilure has to be t&en into account. A tube 

I 
structure cm theoreticalfy be feinfofc8d by a hii 

slrength geosynthetic iI it can be suffbrttly anchored. 
fhis rehfoesd sttuctufe could bellebr dii~e the soil 
pressures caused by @e weight of the tube JtnrcNre 
and diib3 ovmstresring of the r~b80ii Further, the 
nWting spreading of the ve,fi*kal bad w(H reduce the 
SetUornont of the 8ubsoif. An uvecvfaw of the potenlial 
failure mechanisms of a slacked dtiged mmlal Wed 
geotexlile tube structum is prasentad in Figure 9. 

sarkm. Tube geomatry and 5trengmtW4sNJme 
two 3.8 m wide pands will. be used to tabtiM the 
lube. This will pfwids a dfcudw~. S, equal to 
aqptoxirnat44ly7.3m(8omefabfkwldthbuaedinthe 



Figure 6. Particle nettling velocity curyee. (After Goldman, et 81, (1966)] 

A =fl/4 B n 

P -P/2 <a+ll> 

A - cross secumcrl arm 
p = -porhetor af ellipse 

rrupre 
B - WI&h of 8lllpS8 
H l hdgm of etllpsr 

Wgurs t. EIIIptkal approxhation of tube dfmonrlanr [After ‘Fogossfen, et al. (1 S82)] 
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seam). From Figure 3. tar b = H + pressure = 1.2 + 1.4 
- 2.6; b/St 2.W.3 = -356 and TlrS = 0.03. 

Therefore, T t 0.03(9.9)(73~ - 16 kfVm (90 l&In). 
A factor ef mfoty of 3.0 for Sufvivab~i. seam 
stren~ and potential creep will bring this v&e up 
to 46 kfVm. 

1nleUoutlet Spacing--&m Figure Si; &Mcle size, 
d. for fine sand is approximately 0.1 mm.’ Front Figure 
6. these part’kies have a settling velocity, Vs. of 0.0061 
frh (O-02 fuwc). 

Themfont, spacing, L - 0.1342.0 x .0061)‘- 10 m 

Tube specs-aw tubes with FIW - 3.7. haing 
46 kfWn tensib strength and ~nb&uttets spaced every 
10 m. fiTi8 fUVaUon propenies of the tube 3hould be 
determined based .on the fiU s& and muti; 2. Abe 

----_I -my of the lubes under wave and cm&It lorow 
!huuM be svaluatti,) 

OEPLOYMENT AND FILLING 

Sib9 Plopsralion. Before d@oyment d the tube. a 
Shanawtrenchismade~thb~wilhMphsticf~ 
to keep water from washing $00 away or weakening 
sofl-h8~,Mti the tuba while 3 is fitfed. A filter fabric 
rMh0rtha~ plastii fitin may be used wfm the supporl- 
frqj sOi& are not signlficantiy water sensitive. 

POSithnittg th49 T&o. The tube is rolled out 8kmg 
the intended alignment with iftmsilwtbt.6 oentered on 
top.onrythebngthintsndeetobefilbdattitime 
ahoukYkckpkysd.lhetubeshoukjbo~tbd-offat 
tznd of each bngth to be f&d rJightfy &yond an 



c’- the pumping pmceas. Tb fabric outlot is tiphlty 
A to the discharge pipe to prevent ieakags. The 
%tcnsion may be supported by an -A-hame’ or 

b arable 8quipment capable of raising and lowaring 
the discharge during filling IO regufate pressure within 
the tube. 

ldef connecrion The filling pipe ia conn&ed into 
the fill inlet. The pipe that leads into the tuba must be 
flexible enough to avoid rnachanical damage to the 
fabric during the pumping process, yet rigid enough lo 
provide unrestricted flow. The fabric inlet is secured 
tightly around the tilling pipe to prevent leakage. The 
filling pipe must be supponed by an -A-frame‘ or othei 
compar;lble structure to prevent misalignment under 
pressure and to assist in removal of tha pipe at ‘the 
wmpletion of tub6 filling. 

Dredge Line Connecf~o~ For pumping purpo& 
a branch line--comrnoniy 20 dentirneters in diam- 
tor-wilh a ,slide-valve~is connected !o the main he. 
The main line runs to tha dredge across a system al 
floats. 

Tuba Filling. Tlhe pumping process should not be 
in p@d. By opening the stii valve. dredge material 
. . abved to flow to the tube through the branch 

w actual rate 01 filling will depend onthe granu- 
cc and weight ot the dredge fill as watl as the 

J content o! the slurry. A granular size of 0.10 mm 
is the preferred pumping material. The &edge fill is 
commonly pumped in a slurry of 1:4. The water es- 
capes through rhe labric and. if required, through the 
outlets spaced at intenrals atong the lube. Based on 
experience. the .filling of a 400 mater fang tuba with lies 
sand using outlets located every 75 meters takes . 
about 5 ‘hours. 

Conmlling the Filling A crane or other doom’ 
equipment capable of raising and lowering is usad to 
property position both ihe inlet and outlet pipes. The 
inlet pipe must ba securely positioned to prevent 
misalignment while the outlet pipa must be raised or 
lowered to regurale intcmal tube pressure. The lifting 
equipment is also used to ass&l in the wnrMcU 
disconnect procedures which Is cumbersome when 
pipes ara filled with water and/or sediments. 

Extending Tubes. The tubes. which at0 wmmdy 
tess than fO0 meters in length but may be several 
hundred meters long, may ba connected to each other, 
at thC site. by vendor approved joining techniques. 

*‘U”‘\ativefy, and more w~only. the tubaa can 
,p each other by appro%imatefy 3 m side-by-side 

*- . dmittod by the alignment. 

7ubo~ehv Webr irne 

when a’kb k to be placad below the water line, 
the effects of buoyancy on the tube geotextilo prior to 
filling as well as on the dredged material’s settling 
characttristicS &St ba wnsiderad. In order to rnaxi- 
mize idotbutfot spacing, an outlet distant from the Wet 
may bo used to onhence the discharge of dmdged 
6qulds and lhomby encourage and ragulate the flow of 
fill maleria) through the tuba SO that aufficlent fltf. will 
flow to distant points. 

Commonly. the filttr fabric scour apron and flat 
tube are fully deployed by floating and holding them in 
position prior to beginning the filling operation. 

GEOlEX?ILES FOR TUBES 

Cumltly Utod Geotextlle8 

Geote@es in Use. Many different types olr gee- 
textiles have been tabricatacl into large bag;tubs. and 
container stnxtures. Woven nylon, poiytithylene. pofy- 
propylene. polypfopylerie@olyester, and nonwoven 
polyester fabrics have all b&an used on various pro- 
jacts since the 19668. Soma systems have wat6d.M 
fabric with PVC to create an imparmaabte merribrane 
and IO enhance longevity. Table 1 details the most 
common geotextks currently used for tub8 constt-ud- 
tion. 

Dekiencies. To-dare. dredged material-filled 
‘geotextile tubes have been used with modest succass 
while Mifi pres8ntinQ significant promist. Recently 
installed geotextila tubes have shown th8 following 
apparent defiiiancits: 

Poorly mada/designad seams have failed r~1d8r 
the pressures of filling. especially in and wound 
the inlet. 

- Tubes .filled with coarse material expeiitnctd 
premature settling and th8 wns8quent uneven top 
e&&ion. More frequent Inlets ware necesse~ry ti, 
mln&n&e thoimQact of quick setding of sediments. 

. Tubas filled with fme materSal -&m be filled with 
few, widafy spacad inlet6 yet they Main lierg8 
quantitit5 of water as a result of fM-@ained soifs 
%akhg’ on tht inside of thet tube and lkniting the 
abi%y of dredged liiuids lo drain cffintly. Stbsc~ 
quent refilfii of tubes is required to at&&l the 
da&ad bng+rm tube etavation. An assocktbd 
proMem invdvsrr tha oveH&g of these t&00, 
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sawing them to ‘balfaon’ wd exut em 
8tfom3ea on the geetedik. 

Concerns over the durabi@ty or bng-tann p&or- 
rnance of the geowctile shell hwa largely boon l 

ignoied irr the intkest of demonsnoting the filhg 
process. Unanswered cocIcc)ms brcfude the 
U.V., abrasion and vandalism wiqtance af the 
geotexfilr snd me cotls~uerlt affects of large 
fossesoffilraswJell8sfb@lgPiocaaofth4~ 

. 

Table 1. Cucrontly Used GeotoxUIor for Tube Cemtntction. 

Wide Wrdih Stt&jth, 
Wm (ASTM D 4505) 

US. European 

Wwen (shell) + 
Nonwwon. (tiner) 

Wwen only 

,* . 
70 xi0 A. !4?5 x 175 -: . B?X07 

Wide Width Elongation, 
% (ASTM 0 4595) 

20x20 ( 10x10 25x20 

A.O.S., 
mm (ASTM 0 4751) 

Water Flow Rate, 
IWrr? (ASTM 0 4491) 

0.210 0.250 O.lQQ 
. 

27 . 10 ._ 

Seam Sw3rrgth. 
kN/m (ASTM 0 4595) 

4-1 87 52 

Raw Materials-Shek 

-4inerr 

PP Aho. PET Multi. PE Mono. x 
x PP Fibr. x PET Multi. * PET M’Utti. 
PEf. CF, PET, CF. 
NP, NW NP. NW 

l.iner/Sholl Conneclion Iiadrm 
C-C 

Tiedim. da 
c-c 

2.50 
CJa 



P&T. Pofemk/. P.E.T. gootetiles offer po~M&l 
drUWtrS 10 hngefhg COhCemS about geotetifle tI,IbML 
The unique anributes of PET. geotextiies that can 
berMit dredged material-filled Wes include: 

l Maximum strength to weight ratio provides extk 
factor of safety againat tensile failure of the shell. 

. Maximum’ creep rosist&ce assures long-term 
geomerric stabilify. 

- Inherent U.V. and abrasion resistance en- 
hances longov’ny in deminding environments. 

l High specifii gravity assures geotediio fragtnonb 
will readily sink and not be a threat to wMife. 

Composite Geofextik Poten&/. Oiedged fniit+ 
riaf-filled geotenile tubes have been fabricated out d 
nonwoven geoteailes. woven geoterti!es, and one 
layer each of nonwoven and woven geoteniies. Each 
of these cooslnxzions has proven soccessfui. ye! each 
has been less than optimal. Spocificaliy. nomvoven 
lubes stretch cinumlerentiaily significantly more than Ilr ., -kh 
voven tubes duriirg filling which requires nonwuven 
JbeS tti haV0 a greater CkCUmf8mm to achhwe a 

$ven elevation. Woven iubes provide lower eircumfer- 
enrial strain and, therefore, a more cffiiienl means to 
anain higher elevations. Yet. wovcns lack the balance 
of filVation properties. namely soil relenliori and 
permeabikty, which allow’the tubes to retain the solids 
in the dredged malenal while efficiently expelling Ihe 
water. 

Clearly. a combination of both nonwoven and 
woven gcoloxtiles has the polenW.10 provide both the 
strength to achieve desired geometries with Ihe least 
amount of material and Ihe filtration characteristics to 
maximize rhe solids relention within Ihe tubs in the 
least amount of time. Tubes used recently in the U.S. 
have consisted of one layer each 01 nonwoven and 
woven geoteaitos. Once Inllated,’ the tubes have 
p&mad admirably. Yet, some diltiulty ha.3 been 
experienced during the filling process when Ihe-UneWb 
ngt connected lo the4 shell and has sepamtod from UW 
shell and become folded and pinned beneath fill 
materiel preventing ttw liner from contonning to the 
desired geometry. 

Therefore, the natural next innovation is to pmviU0 
I’ -+ for a posirivo and continuous tmmact’mn behtem tb 

two layer which will prevent separation of the @am. 

SC/P1 a6ad !wv6s:ol 66-PZ-Jaw 

SUMMARY AN0 CONCLUSIONS - i. 

Sumnury Ibt Teohnkat Ioruu 

Thii paper 0uUine6 the feasibiiity, applicability, m 
brief exp@etie record of hydmuliilry filled-igloos 
%&e” spterns for the cWsWuction of eaflhen mounds 
such as containment dikes and groins. 

me sy?mT?s Geotextib tubem. Le.. hybmultcalfy 
filied profabricated unitr, are used for construitiacr 01 
.earthen mounds such as containment dikes; and gtins 
both above and be&w the watertine. The major design 
considerations include SuHiient g8otoxtilet fabric and 
seayn stren,ljrh to roskt preesuros during1 fiit*ktg and 
placement impact. and fabric/soil compatibility (i.e., 
liltration chamcteristics). A&Mortal ~ideratina 
include long-tofm .U.V. resistance; .resiistaW to 
8bmsion, teafing and puflcturillg fincfuding vancblii); 
and tube flatlening resulting from the consolidation of 
sediments within the tube or geotextile creep, 

Technical Conclusions. The We technology 
ourWM in this report offers the potential for the 
construction of bwast earthen mounds out of readily 
available maldak. These mounds offor thee ve~filii 
to be virtualfy any rim- or shape simply hy stacldng 
additional tubes. The fottowiw areas are pole&J 
appliitions of dredged soil containment systems 
using tubes: 

1. Remote dike and Ievee tonswuclion lor disposal 
islands, beach rencurishment. andl wetlands 
reclamation. 

2. Lateral erosion control structures such as groins 
and jetties. 

3. Containment. placement, and long-term confine- 
meht of contaminated materials. 

4. Underwater capping of contaminated matarials- 
. 

5. Akolsrated dowaterlng of fine gralnerd dredged 
material. 

the 0.8. prod-9 succ~aafu( inataliations but fti 
technical details. The toc?mdogy has ban shown to 
be feasible but there are design and constrUCtibil@ 
uncertaint’~ that mu6t be addressed through funher 
ful-scab monitored instai!ations. 

:hg $uaz 
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In the pas! 3 to 4 years. dredged materisl-fiJ&d 
g8otextile tubes have been demonstrated ;o be co* 
mercially viable with al least 10 projects having been 
GOtWNCt9d. This twhnd(ogy is qUi&!y tHTI0fQinQ ffOm 
l exp4rimentat’ status to me status of. commercial 
viability.. 

The U.S. Army Corps of Engineers hasheen the 
driving force behind most of the tube projects todats. 
Most of these p@ects have invdved the benef&aJ use 
of dredged material. This means that sediments that 
musr be dredged from shipping channels can be used 
for some mutually benefiit we rather thai\ simply 
disposing of the material usirig tradition&l means. 
Recreation of wetlands using dredged material#ed 
tubes as oont,aJnnwnt dikes or breakmrters is d popu- 
tar ‘bgnefkial use.’ Though aIt recently reported 
projects have shown that ‘tubes can be ruccessfutJy 
Installed. some projects have experienced diffJJulties 
whiih required Rndirq an alternative dredged material 
source. altering the dredging and/Or material cfwwey 
ante system, or replacing tubes which’ failed 
during filling. 

_ i,,e-i A recently completed research program focused 
on tubes and other Qeoteztile containers under the - 
Corps of Engineers’ ConsJrucQon ProductJvii and 
Research {WAR) program. The findings of thu pro- 
Qram should provide more definitive design 
and installation guidance. 

Interestingly. polyester has emerged as the most 
environmentally sensitive, yet durable material for the 
construction of tubes and containers. A 100% PET 
geotextJle possessing both nomwoven-like (good 
ftlbWon) and woven-like (kcigh strem) characterh~ 
appaaFs to offer superior potential, compared to 
ourrentfy available peotextiles, for the fabrication of 
dredged material-filled QeotextiJe tubes. 
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Geatextih Tubes. Used 
,To~Combat Beach ‘,Erosion 

A series of strong coastal storms wreaked havoc on a South 
Jersey shoreline consunting a wide path of heavily vegetated 
dunes, and more than a dozen yards of beachfront separating a 
three-Wry condominium complex from. the raging sea. The 
aftermath left this 18-unit complex in Sea Isle City, New Jersey 
defenseless should another series of storms strike the shoreline 
With severa months of winter storms ahead, and no signs of EI 
Nino relenting, City officials were gravely concerned with saving 
this beachfront property and olher surrounding real estate. ‘F.-m>\ 

bocfuciion 
Designed to protect shoreline beaches from Lhe devastation 

caused by these coastal storms, high strength geotextiIe tubes 
are the latest in prelection against the erosive forces of nature 
that occur every time waves, high tides and longshore currents 
collide with a vulnerable stretch of beach. These tubes ziri: 
constructed of high strength polyester and filled with dredged 
material, or trucked-In sand (as in the case of Sea Isle City]. Once 
filled,- the cubes are covered with sand, creating a resilient bati 
for dunes to protect against erosion and storm damage; 

Geotextile tubes are designed to resist abrasion, tearing, and 
puncturing, as well as endure pressure during filling and 
placement. Traditional materials, suc.h as rock or concrete, cdn 
be Len times more expensive than the use of geotcxtile rubes. 
‘*rhe tubes are more easily removed, have a finite lifespan; and 
can have a far less permanent impact on’the environment than 
conventional hard structures,” staled Onin Pilkey, director ot 
Duke University’s Study of Dcvelopcd Shorelines.’ 

Construction 
Albrechl & Heun, rho General Conlractor, .kickcd off the 

“.irojecr to restore the shoreline between 91” and $3ti Streets only’ 
:, weeks after the devastation to Ihe Sea IsIe City’s shoreline 

-curred. with Lhe aid of front-end loaders, backhoes, dump 
trucks, and hydraulic equipment. Hcun’s six-man crew began 
working lo install 900 feet of Geatex* 12x12 tubins, 

manufactured by Synthetic lndustries”(Sl), with hopes of 
protecting the condominium complex from iuture atom1 damage. 

During the first week, workers constructed a temporary 
road to the beach and began hauling in equipment for the 
replenishment and tilling of the GeoteP 12x12 &b&s. A 
crane lifted rocks and debris front chc site so that the tuhcs 
couId bc placed on the beach without the possibility of 
puncture Lo the tubing. 

The tube rests on a pol*roI)ylene scour apron that serves to 
inhibit undercutring of the tube’s foundation ii the sand layer is 
remove.d by future storms. In the Sea Me City project, Cedei@ 
424 was specilled in I he construction df the scour apron. 

The process beRan wit.h a trapezoidal trench 1 fool below 
grade. onto which the apron was placed. The yc’our apron also 
serves to reduce local erosion &used by the flow of waler during 
Lhc fillin$ process. Three tubes, 30 feet in circumference, were 
then set on the apron and a sand and water sluny was trucked 
and pumped into the tubing using an IMS sub~engcd cutterhead 
tlredgc, through a lo” discharge line. The water percolates out 
through the fabric, lcavjng a dense sand-tilled sfruclure. 
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The’tube was then pumped until 
fi~lj, wjlh heights reaching 5.5 to 6 

,,.J@!t and widths of 12 to 13 feet. The 
1 feet of tubing c.onlained nearly 

-100 cubic yards of sand when till. 
After the tube was comple!cIy lilled, 
it was covered with an additional 1 
to.2 feel of .sand, creating ati &foot 
high dune along the beach. 

-*. 

Righr - Filling Geof&’ tube wifb &ry 
of sand and water. 

, I’ -.. GeotexB tube partiaiiy covered. 

AS is often the case, lesb at Sea Isle City showed thal Some 
percentages of the till material were smaller than the opening 
size of the fabric. Experience has proven that polyesler fibers 
and yarns tend to expand when soaked and under pressure, 
making the openings smaller, thus ictaining nearly all of the fill 
material. The role of surrace tension in retaining material can 
be observed when walking on the tube during filling. 
Additionally, it is believed that material cakes on the inside of 
the fabric casing, retaining even fine-gmined materials. rhese 
filtration qualities have led lo an additional USC of tubes for 
dewaterins of industrial wasfc ‘and the cuntainment of 
contaminated materials. 

Concbsions 
The GeotaP 12x12 ‘tube will remain on the heachfronl for 

.an indefinite pcriad of time. Along the landward side of Lhc tube, 

the wide berm of sand placed by the crew is inicncled 

Lo develop into a dune, working against the krc& of 

Che &a Lo protect valuable beachfront proi’erty. 

Within three weeks. the tubing had been succcssf~JJ~ 
placed, restoring valuable shordine and protecting ~ht! 
I &unit complex from becoming one with the sea. city 
officials were pleased with the $163,398 investlncnt in 
Lheir ongoing strug@e against beach (erosion. 

According to Michael Btuno; a coa.stal engineering 
expert ar Stevens Institute of Technology, ‘They are 
remarkably cheap. when you compare ir lo stone, not 
to mention the stress lhat rocks pur on the 
infrastructure, it is much more inexpensive. ‘There aie 

a number of reasons why it is belter from B practical 
construclion sense.“2 

Three months after installation, the tubes were pul to an 
extreme test when northeast storms once again slammed into 
the New Jersey- shoreline. Cape May Cvunly was declared a 
national disaster area as a result of these storms. The tubes held 
and, while the sand was lost behind the tubes, the condominium 
complex was not damaged. The success of this and other 
projects will aid engineers and contraclocs in reclaiming our 
shoreIines ‘and stemming erosion. 

After installafion of the &be, 
fij/ was replaced seaward of tf~e condominium. 

_. -. 
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